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Abstract. In the context of exploring mass distribution s of dark matter 
haloes in giant ellipticals, we extend the analysis carried out bv lMerrifield &: Kuiikenl 
(|1998f ) for stellar line profiles of shells created in nearly radial mergers of galax- 
ies. We show that line-of-sight velocity distributions are more complex than 
previously predicted. We simulate shell formation and analyze the dctcctability 
of spectroscopic signatures of shells after convolution with spectral PSFs. 



1 Introduction 



Stellar shells observed in some elliptical galaxies are thought to be by-products of 
galaxy mergers, predominantly of those involving a giant elliptical with a much 
smaller galaxy, e.g., a spiral or a dwarf elliptical. The most regular shell systems, 
Type I shell galaxies, are believed to result from a nearly radial merger. Stars of 
the secondary galaxy oscillate in the potential of the primary and cumulate near 
the turning points of their orbits. This can be observed as shell-like enhance- 
ments of surface brightness if observed along a line-of-sight nearly perpendicular 
to the merger axis. While the me c hanism of shell formation was explained nearly 
three decades ago ( Quinnl fl984j ; iDupraz &: Combesl Il986l ; iHernquist Sz Quinnl 
1988) , recent discove r ies - e.g., a regular shell system in a quasa r host galaxy 



2008), shells found in M31 (|Fardal et al 



( Canaliz o et al.l 120071 ; iBennert et al 
120071 . 12008j ) ^bring fresh wind into this field. 

On top of the new data, the shells attract interest due to the (so far theore- 
tical) possibilit y of using them to probe t he dark matter distribution of the host 
galaxy. While IDupraz & Combesl (|l987l ) showed that using shell spacing from 
photometry to constr ain the matter distribution is hopeless due to the effects 
of dynamical friction, Merrifield fc: Kuijkenl ( 19981 . hereafter MK98) proposed a 
way to use spectroscopy to reach the same goal via studying profiles of stellar 
absorption lines. Here, we extend their analysis beyond monoenergetic shells 
and show that line profiles from more realistic shells are more complex. 
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Figure 1. (a) LOSVDs for a monoenergetic shell (i? s hcii = 20 kpc) in the 
Plummer potential (mass of 3.2-10 11 M , scaling length of 5 kpc) at projected 
radii of 0.9i? s hcii and 0.8i? s hcii (red and blue solid lines). The dashed lines 
show MK98 approximation, (b) wi os ,max for the monoenergetic, i.e., station- 
ary, shell (red line), and the uniformly expanding shell (blue lines) in the 
Plummer potential as in Fig.[Ih. At the given instant, i? s heii is the same for 
both cases. The green line shows the MK98 approximation. 

2 Monoenergetic Shells: Double-peaked LOSVDs 

MK98 studied the kinematics of a monoenergetic shell - spherical system of 
stars oscillating on radial orbits of the same amplitudes in a spherical poten- 
tial. The amplitude of oscillations corresponds to the shell-edge radius -R s heii- 
They derived an analytic approximation for the line-of-sight velocity distribu- 
tion (LOSVD) in the vicinity of the shell-edge, predicting a double-peaked profile 
(Fig.[lji). The separation of the peaks is related to the gravitational potential 
of the primary galaxy. For a general gravitational potential and a general pro- 
jected radius, the LOSVD has no analytical form. We computed the LOSVD 
numerically as a generalization of the MK98 approach for various gravitational 
potentials (Plummer, isochrone, de Vaucouleurs) . An example for the Plummer 
sphere, and two different projected radii, is presented in Fig.[TJa. 

3 Traveling Shells: Splitting of LOSVD Peaks 

Real shells are not stationary features: the infalling galaxy stars have a conti- 
nuous energy distribution, and therefore the shell edge is successively formed by 
stars of different energies, which appears as the shell edge traveling outwards 
from the primary-galaxy center. We studied numerically line-of-sight velocity 
v\ os of particles in a uniformly expanding spherical shell. The LOSVD contains 
signatures of stars returning from a radius where the shell-edge was at some 
past time, and those traveling to a position which the shell-edge will reach at 
a future time. This leads to splitting of both v\ os maxima (t>i os ,max) at a given 
projected radius (Fig. [lb). The stars traveling to their apocenters have higher 
energies and higher i>i OS) max than the falling stars. 
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Figure 2. Position- velocity maps of particles originally belonging to the 
secondary galaxy, at two different times. Surface density of particles from 
the vicinity of merger axis per v\ os is mapped. The "wedges" correspond to 
stars traveling to the shell-edge future position and returning from the past 
one - notice the splitting similar to Fig.[Tb. Panels on the right represent the 
LOSVDs (cuts parallel to the velocity axis). The green line corresponds to the 
outermost (oldest) shell at both times, the blue line to the cut of a younger 
shell. All cuts are made at the same relative radius 0.8i? s hcii- 



4 LOSVDs from N-body Simulations 

To study LOSVDs in more detail, we carried out a restricted N-body simulation 
of shells resulting from a radial merger of a giant elliptical galaxy with a dwarf 
elliptical (Figs. [2] and [3|). The primary was represented by a two-component 
potential: stars and the dark matter halo. For simplicity the Plummer profile 
was assumed for both components (with masses of 2-10 11 and 1.2-10 13 M©, 
scaling lengths of 5 kpc and 100 kpc for stars and the dark matter halo, respec- 
tively). The dwarf elliptical was simulated as a single Plummer sphere (mass of 
2-10 10 M , scaling length of 2 kpc). 

Right panels in Fig.[2]show the LOSVDs for different times of the simulation. 
For the outermost shell, we can see a narrowing of the line profile with time, 
i.e., with increasing shell-edge radius, due to the spatial change of the primary's 
gravitational potential (see MK98). The bottom right panel in Fig. [2] also shows 
the inner shell profile, which is more complicated, as it also contains signatures 
of particles belonging to the outer shell. In Fig. [3^, the LOSVD from the top 
panel of Fig. [2] is decomposed according to the sense of particle's motion. 



5 Conclusions 



Theoretical studies of line profiles are needed and timely since getting high 
S/N and high spectral resolution spectra from faint external parts of ellipticals 
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Figure 3. (a) Decomposition of the LOSVD (green) to the contributions 
produced by stars moving radially outward (red) and inward (blue) with re- 
spect to the primary-galaxy center. The same LOSVD of the outermoust 
shell as in top panel of Fig. [2] was used, (b) A prediction of observed line 
profiles: green line shows the simulated LOSVDs (same as in Fig.[3K), brown 
and pink lines show convolutions with different Gaussians representing the 
instrumental dispersion of FWHM 30 and 100 km/s. 



becomes within the reach of current large telescopes. We predict the shape 
of spectral lines for Type I shell galaxies: quadruple-peaked profile. The con- 
nection of this shape with the shell galaxy's gravitational potential is not as 
straightforward as previously predicted. We also show that relatively high spec- 
tral resolution is necessary for observing the line profiles (Fig. 03). To make our 
study still more realistic, better models for ga laxy potentials, and the dynamical 



friction need to be applied (see lEbrova et all these proceedings). 
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